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(54) Centrifuge tube with cylindrically symmetric separation element, liner and cap 



(57) A device and method is provided for separating 
components of a fluid sample. The device includes a 
plurality of constituents comprising a container, a liner 
in the container, a closure for the container and a com- 
posite element. The composite element is a seal plug 
with a density between the densities of the components 
of the fluid sample is releasably engaged with the con- 
tainer closure and with the liner. A needle cannula is 
used to deposit a fluid sample in the liner and the entire 
device is placed in a centrifuge. The centrifugal load 
causes the seal plug to separate from the closure and 
causes the liner to expand outwardly against the con- 
tainer. The seal plug migrates into the fluid sample and 
stabilizes between the densities of the components of 
the fluid sample. The liner will resiliently return to its in- 
itial configuration upon termination of centrifugal load 
such that the liner sealingly engages the seal plug and 
separates the components of the fluid sample. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] This invention relates to a device and method 
for separating heavier and lighter fractions of a fluid 
sannple. More particularly, this invention relates to a de- 
vice and method for collecting and transporting fluid 
samples whereby the device and fluid sample are sub- 
jected to centrif ugation to cause separation of the heav- 
ier fraction from the tighter fraction of the fluid sample. 

2. Description of Related Art 

[0002] Diagnostic tests may require separation of a 
patient's whole blood sample into components, such as 
serum or plasma, the lighter phase component, and red 
blood cells, the heavier phase component. Samples of 
whole blood are typically collected by venipuncture 
through a cannula or needle attached to a syringe or an 
evacuated collection tube. Separation of the blood into 
serum or plasma and red blood cells is then accom- 
plished by rotation of the syringe or tube in a centrifuge. 
Such arrangements use a barrier for moving into an area 
adjacent the two phases of the sample being separated 
to maintain the components separated for subsequent 
examination of the individual components. 
[0003] A variety of devices have been used in collec- 
tion devices to divide the area between the heavier and 
lighter phases of a fluid sample. 
[0004] The most widely used device includes thixo- 
tropic gel materials such as polyester gels in a tube. The 
present polyester gel serum separation tubes require 
special manufacturing equipment to prepare the gel and 
to fill the tubes. Moreover, the shelf-life of the product is 
limited in that overtime globules may be released from 
the gel mass. These globules have a specific gravity that 
is less than the separated serum and may float in the 
serum and may clog the measuring instruments, such 
as the instrument probes used during clinical examina- 
tion of the sample collected in the tube. Such clogging 
can lead to considerable downtime for the instrument to 
remove the clog. 

[0005] No commercially available gel is completely 
chemically inert to all analytes. If certain drugs are 
present in the blood sample when it is taken, there can 
be an adverse chemical reaction with the gel interface. 
[0006] Therefore, a need exists for a separator device 
that (i) is easily used to separate a blood sample; (ii) is 
independent of temperature during storage and ship- 
ping; (iii) is stable to radiation sterilization; (iv) employs 
the benefits of a thixotropic gel barrier yet avoids the 
many disadvantages of placing a gel in contact with the 
separated blood components; (v) minimizes cross con- 
tamination of the heavier and lighter phases of the sam- 
ple during centrifugation; (vi) minimizes adhesion of the 



lower and higher density materials against the separator 
device; (vii) can be used with standard sampling equip- 
ment; (viii) is able to move into position to form a barrier 
in less time than conventional methods and devices; 
5 and (ix) Is able to provide a clearer specimen with less 
cell contamination than conventional methods and de- 
vices. 

SUMMARY OF THE INVENTION 

10 

[0007] The present invention is a method and assem- 
bly for separating a fluid sample into a higher specific 
gravity phase and a lower specific gravity phase. Desir- 
ably, the assembly of the present invention comprises a 

15 plurality of constituents. Preferably, the assembly com- 
prises a container, a liner and a composite element. 
[0008] The container may be a conventional tube hav- 
ing a closed bottom, an opened top and a rigid cylindrical 
wall extending therebetween. The tube may include an 

20 inwardly directed rim near the open top. 

[0009] The assembly further comprises a liner having 
a closed bottom, an open top and a tubular side wall. 
The liner is positioned in the tube such that the closed 
bottom of the liner is near the closed bottom of the tube. 

25 The liner, in an unbiased condition, is cross-sectionally 
dimensioned along most of its length to lie in spaced 
relationship to the tube. However, the liner may include 
an outwardly directed flange substantially adjacent the 
top of the liner The flange may be dimensioned for en- 

30 gagement against the rim of the tube to position the liner 
longitudinally within the tube. 

[0010] Preferably, the liner comprises a qualitative 
stiffness that may be characterized by a non-dimension- 
al stiffness coefficient, S* and expressed as follows: 

35 

E(OD-D) 

40 where E is the modulus of elasticity, OD is the thickness 
defined by the outside diameter, D is the seal diameter, 
a is the applied acceleration, and is the density of 
water. The stiffness coefficient is about .003 to about 
190. 

45 [0011] Preferably, the liner has a thickness of about 
1 .0mm to about 2.5mm, a modulus of elasticity of about 
1 3.8 MPa to about 69 MPa. 

[0012] Preferably, the assembly of the present inven- 
tion will function under toad created by an applied ac- 

50 celeration of about SOOg to about 3000g. 

[001 3] Preferably, the liner deforms due to hydrostatic 
pressure under applied acceleration and returns to its 
initial state upon removal of the acceleration, thereby 
forming a seal by constricting the seal plug which is po- 

55 sitioned in a target density region between the higher 
density portion and the lower density portion of a fluid 
sample. 

[0014] The assembly further includes a tube closure 



3 



3 



EP1 005 910 A2 



4 



that is sealingly engageable in the open top of the tube. 
The tube closure may include a tube end seat having 
an outside diameter at least equal to the outside diam- 
eter of the tube for disposition substantially adjacent the 
open top of the tube. The tube closure may include a 
tube stopper dimensioned for sealed engagement in 
portions of the tube between the top of the tube and the 
top of the liner. The tube closure may further include a 
liner stopperdimensionedfor sealing engagement in the 
open top of the liner. 

[0015] A plug recess extends into the bottom end of 
the tube closure. The entry to the plug recess may have 
a plurality of inwardly extending circumferentially 
spaced flexible walls. 

[0016] Preferably, the composite element comprises 
a seal plug. The seal plug may be a single constituent 
or a plurality of constituents and comprises a specific 
density at a target density range as defined by separable 
fluid components densities. The seal plug may migrate 
freely when under an applied acceleration to settle at a 
location in the fluid sample in the target density region 
and thereby become a barrier at a desired level between 
the components of the fluid sample after the accelera- 
tion is removed. 

[0017] Preferably, the seal plug has an aggregate 
specific gravity of about 1 .028 to about 1 .09, Most pref- 
erably, the seal plug has an aggregate specific gravity 
so that it will rest after centrifugal force, between the 
heavier and lighter phases of a blood sample. 
[001 8] The seal plug preferably has an overall density 
between the densities of two phases of a blood sample. 
The seal plug comprises a hard plastic shell having op- 
posed first and second ends and an aperture extending 
between the ends. Outer circumferential portions of the 
hard plastic shell in proximity to the first end are dimen- 
sioned and configured for releasable engagement with- 
in the plug recess of the tube closure. Outer circumfer- 
ential portions of the hard plastic shell in proximity to the 
second end are dimensioned for sealing engagement 
by the unbiased tube liner. The seal plug further includes 
an elastomeric septum that is securely mounted around 
the first end of the hard plastic shell to provide a pierce- 
able barrier extending across the central passage 
through the shell. 

[0019] Preferably, the seal plug comprises an overall 
specific gravity at a target specific gravity of The tar- 
get specific gravity is that required to separate a fluid 
sample into two phases. 

[0020] In use, a fluid sample enters the assembly by 
a needle. The needle penetrates the closure and 
through the elastomeric septum on the seal plug for de- 
livering a fluid sample into the liner. The needle is with- 
drawn from the assembly and the assembly is subjected 
to centrifugation. Forces exerted by the centrifuge 
cause the seal plug to separate from the tube closure 
and cause the liner to expand outwardly against the 
tube. Centrifugal forces then cause the seal plug to 
move through the expanded liner and toward the closed 



bottom of the tube. Sufficient movement will cause the 
seal plug to contact the fluid. Air trapped in the passage 
through the hard plastic liner and between the fluid and 
the elastomeric septum could create a buoyancy that 

s might prevent further sinking of the seal plug into the 
fluid. However, the trapped air will be vented through a 
defect in the septum, such as the defect caused by the 
needle cannula. This venting of air permits further move- 
ment of the seal plug into the fluid. Simultaneously, the 

10 phases of the fluid will be separating such that the heav- 
ier phase component of the fluid will concentrate closer 
to the closed bottom, and such that the lighter phase 
component of the fluid will be closer to the open top. The 
seal plug will move primarily through the lighter phase 

^5 component and toward the heavier phase component 
of the fluid. 

[0021] The centrifuge may be stopped after the seal 
plug stabilizes between the separate phases of the fluid. 
Upon termination of the centrifugal load, the liner will 

20 resiliently return toward its unexpanded condition and 
will sealingly engage outer circumferential regions of the 
seal plug. As a result, the phases of the fluid sample are 
isolated from one another by the seal plug and may be 
separated for subsequent analysis. 

25 [0022] When the fluid sample Is blood, the higher spe- 
cific gravity portion that contains the cellular compo- 
nents is between the separator and the bottom of the 
container after centrifugation. The lower specific gravity 
portion that contains the cell-free serum fraction or ptas- 

30 ma is between the top surface of the separator and the 
top of the container after centrifugation. 
[0023] Therefore, at the final position of the separator 
after centrifugation. the separator is able to substantially 
eliminate the presence of red blood cells in the lower 

3S specific gravity portion and the tower specific gravity is 
substantially free of cellular contamination. 
[0024] The assembly of the present invention is ad- 
vantageous over existing separation products that use 
gel. In particular, the assembly of the present invention 

40 will not interfere with analytes as compared to gels that 
may interfere with analytes. Another attribute of the 
present invention is that the assembly of the present in- 
vention will not interfere with therapeutic drug monitor- 
ing analytes. 

45 [0025] Most notably, is that the time to separate a fluid 
sample into separate densities is achieved in substan- 
tially less time with the assembly of the present invention 
as compared to assemblies that use gel. 
[0026] Another notable advantage of the present In- 

50 vention is that fluid specimens are not subjected to low 
density gel residuals that are at times available in prod- 
ucts that use gel. 

[0027] A further attribute of the present invention is 
that there is no interference with instrument probes. 
55 [0028] Another attribute of the present invention is 
that samples for blood banking tests are more accepta- 
ble than when a gel separator is used. 
[0029] Another attribute of the present invention is 
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that only the substantially cell-free serum fraction of a 
blood sannple is exposed to the top surface of the sep- 
arator, thus providing practitioners with a clean sample. 
[0030] Additionally, the assembly of the present in- 
vention does not require any additional steps or treat- 
ment by a medical practitioner whereby a blood or fluid 
sample is drawn in the standard fashion, using standard 
sampling equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a perspective view of a blood collec- 
tion tube device in accordance with the subject inven- 
tion. 

[0032] FIG. 2 is a cross-sectional view taken along 

line 2-2 in Fig. 1. 

[0033] FIG. 3 is a cross-sectional view similar to Fig. 
2, but showing the device after insertion of a blood sam- 
ple therein by a needle cannula. 
[0034] FIG. 4 is a cross-sectionat view similar to Figs. 
2 and 3, but showing the device at an early stage during 
centrifugation. 

[0035] FIG. 5 is a cross-sectional view similar to Fig. 

4. but showing the device at a later stage during centrif- 
ugation. 

[0036] FIG. 6 is a cross-sectional view similar to Fig. 

5, but showing the device upon completion of centrifu- 
gation, and with the respective phases of blood sepa- 
rated. 

[0037] FIG. 7 is an enlarged cross-sectional view of 
portions of the device adjacent the seal plug during the 
early stages of centrifugation. as shown in Fig. 4. 
[0038] FIG. 8 is an enlarged cross-sectional view of 
portions of the device adjacent the seal plug at a later 
stage during centrifugation, as shown in Fig. 5. 
[0039] FIG. 9 is an exploded perspective view of the 
device. 

DETAILED DESCRIPTION 

[0040] The present invention may be embodied in oth- 
er specific forms and is not limited to any specific em- 
bodiments described in detail, which are merely exem- 
plary. Various other modifications will be apparent to and 
readily made by those skilled in the art without departing 
from the scope and spirit of the invention. The scope of 
the invention will be measured by the appended cfaims 
and their equivalents. 

[0041] The preferred apparatus of the present inven- 
tion is illustrated in FIGS. 1 to 9, wherein device 10 com- 
prises a tube 12, an elastomeric liner 22, a closure 34, 
and a seal plug assembly 64. 

[0042] Device 1 0 includes rigid plastic tube 1 2 having 
an open top 14, a closed bottom 16 and a cylindrical 
sidewall 18. Sidewall 18 defines a constant inside diam- 
eter "a" along a major portion of its length. 
[0043] Device 1 0 further includes an elastomeric liner 
22 having an open top 24, a closed bottom 26 and a 



tubular sidewall 28. Side wall 28, in an unbiased condi- 
tion, defines an inside diameter "c" and an outside di- 
ameter "d" along a major portion of the length of liner 
22. Outside diameter "d" is less than inside diameter "a" 

5 of sidewall 18 on tube 12, and is approximately equal to 
or slightly less than inside diameter "b" of rim 20. Liner 
22 is characterized by an outwardly directed flange 30 
adjacent open lop 24. Portions of flange 30 immediately 
adjacent open top 24 are cylindrically generated and de- 

10 fine an outside diameter "e". However, portions of flange 
30 spaced from open top 24 taper to outside diameter 
"d" which exists elsewhere on sidewall 28. Diameter "e" 
of flange 30 is greater than inside diameter "b" of rim 20 
on tube 1 2, and is approximately equal to or slightly less 

15 than inside diameter "a" existing at locations on tube 1 2 
between rim 20 and open top 14 thereof. With these rel- 
ative diametrical dimensions, portions of liner 22 below 
flange 30 can be slid through rim 20 on tube 12. Addi- 
tionally, flange 30 can be slid into portions of tube 12 

20 between rim 20 and open top 14. However, flange 30 
will interfere with rim 20 and will prevent liner 22 from 
sliding entirely past rim 20. The length of liner 22 is se- 
lected to ensure that closed bottom 26 of liner 22 is 
spaced slightly from closed bottom 16 of tube 12 when 

25 flange 30 of liner 22 engages rim 20 of tube 12. 

[0044] The outer circumferential surface of flange 30 
is provided with a plurality of circumferentially spaced, 
axialty aligned vent slits 31. Vent slits 31 enable an es- 
cape of air from the space between liner 22 and tube 1 2 

30 during assembly, and thereby facilitates the complete 
insertion of liner 22 into lube 12. 
[0045] Device 10 further includes a tube closure that 
can be pierced by a needle cannula and that will reseal 
itself after removal of the needle cannula. Tube closure 

35 34 includes a top end 36 and a bottom end 38. Top end 
36 of tube closure 34 is characterized by a central re- 
cess 40 which defines a target area for piercing by a 
needle cannula. A radially aligned tube end seat 42 is 
defined between top and bottom ends 36 and 38 and 

40 faces toward bottom end 38. Tube end seat 42 defines 
an outside diameter that exceeds the outside diameter 
of tube 12. Thus, tube end seat 42 can be sealingly en- 
gaged against open top end 1 4 of tube 1 2. 
[0046] A liner end seat 44 is defined on tube closure 

45 34 at a distance below tube end seat 42 to ensure that 
liner end seat 44 is substantially adjacent open top end 
24 of liner 22 when tube end seat 42 is adjacent to open 
top end 14 of tube 12. Portions of tube stopper 46 adja- 
cent liner end seat 44 define a diameter approximately 

50 equal to inside diameter "a" of tube 12. Portions of tube 
stopper 46 closer to tube end seat 42 define a larger 
diameter. Consequently, tube stopper 46 is compressed 
during insertion into tube 14 for achieving a tight sealing 
engagement. 

55 [0047] A liner stopper 48 extends from liner end seat 
44 to bottom end 38 of tube closure 34. Liner stopper 
48 has a cylindrical outer surface along most of its length 
with an outside diameter slightly greater than inside di- 
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ameter "c" ot liner 22. However, portions of liner stopper 
48 adjacent bottom end 38 are chamfered to a diameter 
thai is less than inside diameter "c" of liner 22. The 
chamfered bottom end of liner stopper 48 facilitates the 
inward compression required to urge liner stopper 48 of 
tube ciosure 34 into open top end 24 of liner 22. Liner 
stopper 48 is further characterized by at least one axially 
extending vent groove 50 to permit venting of gas from 
liner 22 during Insertion of tube closure 34. 
[0048] Tube closure 34 is further characterized by a 
plug recess 52 extending axially into bottom end 38. The 
entrance to plug recess 52 is defined by a plurality of 
circumferentially spaced flexible release walls 54 that 
have inner surfaces 56 generated as part of a single cyl- 
inder with a diameter "f". Each flexible release wall 54 
further includes a chamfered surface 58 extending from 
the cyiindrically generated surface 56 to the bottom end 
38 of tube closure 34. Flexible release walls 54 each 
also include a radially aligned plug-gripping surface 60 
facing into plug recess 52. The top central portion of plug 
recess 52 is defined by downwardly pointing conical sur- 
face 62. 

[0049] Device 10 further includes a seal plug assem- 
bly 64 which comprises a generally tubular hard plastic 
shell 66 and. an elastomeric septum 68. The compo- 
nents of seal plug assembly 64 are formed from mate- 
rials to exhibit a combined density less than the density 
of the red blood cells, but greater than the density of the 
serum. Shell 66 includes a top end 70, a bottom end 72 
and a central passage 74 extending continuously be- 
tween the ends. Annular sealing ribs 76 and 78 extend 
outwardly from shell 66 at locations near bottom end 72. 
Annular sealing ribs 76 and 78 define diameters approx- 
imately equal to inside diameter *'c*' of liner 22. Shell 66 
further includes an outwardly projecting annular septum 
flange 80 substantially adjacent top end 70 and an an- 
nular closure engagement wall 82 between sealing 
flange 78 and septum flange 80. Closure engagement 
wall 82 defines an outside diameter that is substantially 
equal to the inside diameter of plug recess 52 of tube 
closure 34. A cylindrical wall 84 extends between clo- 
sure engagement wall 82 and sealing flange 78. Cylin- 
drical wall 84 defines an outside diameter approximately 
equal to the inside diameter "f" defined by flexible re- 
lease walls 54 of tube closure 34. Additionally, cylindri- 
cal wall 84 defines a length approximately equal to the 
axial length of cyiindrically generated portions 56 of flex- 
ible release walls 54. 

[0050] Elastomeric septum 68 is molded unitarily from 

a rupturable elastomeric material such as Kraton copol- 
ymer, a urethane or PVC. Septum 68 includes a bottom 
86, a generally cylindrical side wall 88 extending up- 
wardly from bottom wall 86 and an initially conically con- 
vex top wait 90 extending upwardly from cylindrical side 
wall 88. A shell recess 92 extends centrally into bottom 
86 of septum 68. Shell recess 92 includes a small diam- 
eter entry having a length substantially equal to the axial 
distance between septum flange 80 and closure engag- 



ing flange 82 on shell 66. Shell recess 92 further in- 
cludes a large diameter portion that dimensionally con- 
forms to axial and diametric dimensions of septum 
flange 80 on shell 66. 
5 [0051] Device 10 is assembled by slldably inserting 
liner 22 into shell 12 until flange 30 of liner 22 is seated 
against annular rim 20 of tube 12. As noted above, out- 
side diameter "d" of cylindrical side wall 28 of liner 22 is 
less than inside diameter "a" of cylindrical side wall 18 
10 of tube 12. Accordingly, an annular space will exist be- 
tween liner 22 and tube 1 2 at locations between annular 
rim 20 of tube 12 and closed bottom 16 thereof. 
[0052] Seal plug 64 then may be assembled by 
mounting elastomeric septum 68 over top 70 of shell 66. 
^5 More particularly, septum flange 80 is forcibly urged into 
shell recess 92 in open bottom 86 of septum 68. Small 
diameter portions ol recess 92 will resiliently engage 
around portions of shell 66 between septum flange 80 
and closure engagement flange 82. Seal plug assembly 
64 then is urged into plug recess 52 in bottom end 38 of 
lube closure 34. This will require an initial outward 
stretching of portions of tube closure 34 adjacent bottom 
end 38. However, tube closure 34 will resiliently return 
toward an undeflected condition with flexible release 
walls 54 engaged around cylindrical wall 84 between 
closure engagement flange 82 and annular sealing 
flange 78. Additionally, conical surface 62 in shell recess 
52 of tube closure 34 will cause convexly conical top 
wall 90 of septum 68 to deflect into concave configura- 
tion in nested engagement with conical surface 62. 
[0053] The assembly of closure 34 and seal plug 64 
then is inserted into open top end 14 of tube 12. Suffi- 
cient insertion causes annular sealing flanges 76 and 
78 of shell 66 to sealingly engage in liner 22. Liner end 
seat 44 will seat substantially adjacent open top 24 ol 
liner 22. Tube stopper 46 will compress into tight sealing 
engagement with inner circumferential portions of tube 
1 2 between liner 22 and open lop 1 4 of tube 1 2. Insertion 
of tube closure 43 into tube 12 will terminate when tube 
end seat 42 seats against open top 1 4 of tube 1 2. 
[0054] A needle cannula 94 is used to insert a sample 
of blood into device 10. More particularly, as shown most 
clearly in Fig. 3, needle cannula 94 is urged centrally 
into recess 40 at top end 36 of tube closure 34, Contin- 
ued advancement of needle cannula 94 will cause a rup- 
turing of conical top wall 90 of septum 68. An appropriate 
volume of blood 96 then is delivered from needle can- 
nula 94 into liner 22. Portions of lube closure 34 adjacent 
recess 40 will self -seal upon removal of needle cannula 
94. However, conical top wall 90 of septum 68 will re- 
main with a defect. 

[0055] Device 10 with blood 96 therein then is placed 
in a centrifuge which places a centrifugal load on device 
10. The centrifugal load deflects flexible release walls 
54 sufficiently downwardly to permit separation of seal 
plug assembly 64 from tube closure 34. Simultaneously, 
the centrifugal load causes an outward deflection of tu- 
bular sidewall 28 of elastomeric tube liner 22. This out- 
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ward deflection of liner 22 permits seal plug 64 to move 
toward closed bottoms 26 and 16 of liner 22 and tube 
12 respectively. Air will be trapped in passage 74 of shell 
66 approximately when bottom end 72 of shell 66 con- 
tacts blood 96. This trapped air could restrict further 
downward movement of seal plug 64. However, the de- 
fect In septum 68 caused by needle cannula 94 defines 
a path through which trapped air may escape passage 
74. Thus, seal plug 64 is permitted to sink into blood 96. 
[0056] The centrifugal load created by the centrifuge 
also separates serum from red blood cells in blood 96. 
Thus, red blood cells, under the action of the centrifugal 
load, migrate around seal plug assembly 64 and toward 
closed bottom 26 of liner 22. Simultaneously, the less 
dense serum of blood 96 will flow between shell 66 and 
outwardly deformed portions of elastomeric liner 22 as 
shown schematically in Fig. 5. 
[0057] Seal plug 64 will stabilize at a position in liner 
22 between the red blood cells and the serum of blood 
96. This stabilized position is attributable to the forma- 
tion of seal plug 66 and septum 68 from materials that 
will give seal plug 64 a density less than the density of 
the red blood cells, but greater than the density of the 
serum. After a specified time, the centrifuge will be 
stopped. The absence of the centrifugal load will cause 
side wall 28 of elastomeric liner 22 to resiliently return 
toward an undeformed condition and into tight sealing 
engagement with annular sealing flanges 76 and 78 of 
shell 66. Thus, red blood cells 98 will be sealed between 
seal plug 64 and closed bottom 26 of liner 22, while se- 
rum 100 will lie between seal plug 64 and closure 34. 
[0058] Liner 22 is compatible with most of the numer- 
ous additives used in sample collection tubes such as 
citrates, silicates. EDTA and the like that are used to 
condition the fluid sample either to facilitate or retard 
clotting, or to preserve the fluid sample for a particular 
analysis. It is within the purview of this invention that one 
or more additives may be used in the present invention 
for particular applications. 

EXAMPLE 1 

[0059] The separator of the present invention was 
made as follows: The three components of the separa- 
tor, a liner, a septum, a seal plug were made by injection 
molding. The liner was made from DuPont Dow En- 
gage® 8400 polyolefin elastomer with a flexural modu- 
lus of 22 MPa. The septum was made from GLS Dy- 
naflex® 2712 (Dynaflex is a trademark of and manufac- 
tured by GLS Corp., Cory, III.), with a specific gravity of 
0.889. The seal plug was made from Bayer LustrantB) 
348 ABS with a specific gravity of 1 .06. 

EXAMPLE 2 

[0060] The separator of the present invention was 
made as follows: The two components of the separator, 
the liner was injection molded from DuPont Dow En- 



gage® 8411 polyolefin elastomer with a flexural modu- 
lus of 29 MPa and the seal plug was injection molded 
from Bayer Lustran® 348 with a specific gravity of 1 .06. 



[0061] The separator of the present invention was 
made as follows: The three components of the separa- 
tor, the liner was injection molded from DuPont Dow En- 
10 gage® 8411 polyolefin elastomer with a flexural modu- 
lus of 29 MPa and the septum was made from a Kraton® 
elastomer and the seal plug injection molded from Bayer 
Lustram® 348 with a specific gravity of 1 .06. 



1 . A tube device for separating blood into first and sec- 
ond phases of different respective densities, said 

20 device comprising: 

a substantially rigid tube having an open top 
and a closed bottom; 

an elastomeric liner having an open top and a 
25 closed bottom and positioned in said tube such 

that at least portions of said liner are spaced 
inwardly from said tube, said liner being resil- 
iently expandable such that at least portions of 
said liner are engageable with said tube in re- 
30 sponse to loads imposed on said liner; 

a tube closure in said open top of said tube; and 
a seal plug sealingly engaged by said elasto- 
meric liner in an unexpanded condition of said 
liner, said seal plug further being releasably en- 
35 gaged with said tube closure for separation 

from said tube closure in response to a selected 
axial load, said seal plug having a density be- 
tween the respective densities of the phases of 
a liquid sample. 

40 

2. The device of Claim 1 wherein the top end of the 
liner is configured for sealing engagement with in- 
ner circumferential surface regions of said tube. 

45 3. Thedeviceof Claim 2 wherein a portion of said tube 
closure is sealingly engaged in said open top of said 
liner and urges said open top of said liner into seal- 
ing engagement with said inner circumferential sur- 
face regions of said tube. 

so 

4. The device of Claim 3 wherein the inner circumfer- 
ential surface regions of said tube engaged by said 
liner include an annular inwardly extending rim on 
said tube. 

55 

5. The device of Claim 4 wherein the top of said liner 
includes an outwardly extending flange engageable 
with said rim of said tube for limiting insertion of said 
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liner into said tube. 

6. The device of Claim 1 wherein the tube closure in- 
cludes a plug recess dinDensioned lor releasably re- 
ceiving at least a portion of said seal plug. s 

7. The device of Claim 6 wherein the tube closure in- 
cludes a plurality of circumferenlially spaced flexi- 
ble release walls for releasably engaging a portion 

of said seal plug, said flexible release walls being io 
resiliency deflectable toward said closed bottom of 
said liner in response to a selected load on said de- 
vice. 

8. The device of Claim 7 wherein the seal plug in- is 
eludes an annular closure engaging flange dis- 
posed in said plug recess of said tube closure and 
releasably engaged with said flexible release walls 

of said tube closure. 

20 

9. The device of Claim 1 wherein said seal plug in- 
cludes a substantially rigid generally tubular shell 
having opposed top and bottom ends and a pas- 
sage extending therebetween, a rupturable septum 
sealingly covering portions of said passage adja- 25 
cent said top end. said septum defining an air vent 
hole in response to rupturing of said septum by a 
needle cannula for permitting venting of air through 
said septum to enable said seal plug to sink into said 
blood. 30 

10. The device of Claim 1 wherein the seal plug In- 
cludes a substantially rigid portion having a plurality 
of annular sealing flanges dimensioned for sealing 
engagement by said elastomeric liner in an unbi- 35 
ased condition of said liner. 
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FIG. 1 
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FIG. 2 
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FIG-4 
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FIG. 5 
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FIG. 6 
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FIG-7 




15 



EP1 005 910 A2 



FIG-8 
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